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(57) ABSTRACT

A latch and a frequency divider are provided. The latch
includes: a first logic cell coupled between a power supply
and a ground wire, wherein the first logic cell has a first
control terminal, a first mput terminal and a first output
terminal; a second logic cell having a structure symmetrical
to that of the first logic cell; wherein the second logic cell has
a second control terminal, a second input terminal and a
second output terminal; and a feediorward control unit
adapted to control the first logic cell or the second logic cell
based on signals inputted into the first input terminal and the
second mput terminal. Accordingly, current loss under static
working conditions of a latch can be eliminated, and current
loss under dynamic working conditions of the latch can be
reduced.
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LATCH AND FREQUENCY DIVIDER

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Chinese patent

application No. 201410608586.X, filed on Oct. 31, 2014,
and entitled “LATCH AND FREQUENCY DIVIDER”, the
entire disclosure of which 1s incorporated herein by refer-
ence.

TECHNICAL FIELD

The present disclosure generally relates to semiconductor
technology, and more particularly, to a latch and a frequency
divider.

BACKGROUND

High speed frequency dividers which are based on latches
have been widely used, because of better performance such
as high speed and wide bandwidth thereof.

For example, a high speed frequency divider, which can
achieve two divided frequencies, requires two latches, such
as a first latch and a second latch, wherein the first latch
servers as a lollow-up stage of the second latch and the
second latch servers as a follow-up stage of the first stage.

However, in existing frequency dividers, when signals
inputted into the control terminal are 1n low level, a current
circuit will be formed 1n the latch of the frequency divider
both 1n static working condition and 1n dynamic working,
condition. Accordingly, power consumption will be
enlarged.

SUMMARY

According to one embodiment of the present disclosure,
a latch 1s provided. The latch includes: a first logic cell
coupled between a power supply and a ground wire, which
has a first control terminal, a first input terminal and a first
output terminal; a second logic cell having a structure
symmetrical to that of the first logic cell, which has a second
control terminal, a second input terminal and a second
output terminal; and a feedforward control unit adapted to
control the first logic cell or the second logic cell based on
signals mputted into the first input terminal and the second
input terminal.

In some embodiments, the feedforward control unit
includes at least one selected from a group consisting of a
first control sub-unit, a second control sub-unit, a third
control sub-unit, and a fourth control sub-unit; wherein the
first control sub-unit 1s adapted to cut ofl a first current
circuit 1n the first logic cell, when the signal inputted into the
first mput terminal 1s 1n high level and the signal inputted
into the second input terminal 1s i low level; the second
control sub-unit 1s adapted to cut off a second current circuit
in the second logic cell, when the signal mputted 1nto the
first mput terminal 1s 1n high level and the signal inputted
into the second iput terminal 1s 1 low level; the third
control sub-unit 1s adapted to cut off the first current circuit
in the first logic cell, when the signal mputted 1nto the first
input terminal 1s 1n low level and the signal mputted 1nto the
second 1nput terminal 1s 1n high level; and the fourth control
sub-unit 1s adapted to cut off the second current circuit 1in the
second logic cell, when the signal inputted 1nto the first input
terminal 1s 1 low level and the signal mmputted into the
second 1nput terminal 1s 1n high level.
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In some embodiments, wherein the first logic cell includes
a first transistor, a third transistor and a fifth transistor; the
second logic cell includes a second transistor, a fourth
transistor and a sixth transistor; a source of the first transistor
1s coupled with the power supply, a gate of the first transistor
1s coupled with the first control terminal, a drain of the first
transistor 1s coupled with a drain of the third transistor, a
drain of the fifth transistor, a gate of the fourth transistor and
the first output terminal; a source of the second transistor 1s
coupled with the power supply, a gate of the second tran-
sistor 1s coupled with the second control terminal, a drain of
the second transistor 1s coupled with a drain of the fourth
transistor, a drain of the sixth transistor, a gate of the third
transistor and the second output terminal; and sources of the
third transistor, the fourth transistor, the fifth transistor and
the sixth transistor are coupled with the ground wire.

In some embodiments, the first control sub-unit includes
a seventh transistor which 1s a PMOS transistor; and a source
of the seventh transistor 1s coupled with the drain of the first
transistor, a gate of the seventh transistor 1s coupled with the
first input terminal, a drain of the seventh transistor is
coupled with the drain of the third transistor, the drain of the
fifth transistor, the gate of the fourth transistor and the first
output terminal.

In some embodiments, the first control sub-unit further
includes an eighth transistor which 1s a PMOS transistor;
and a source of the eighth transistor 1s coupled with the drain
of the second transistor, a gate of the eighth transistor is
coupled with the second mput terminal, a drain of the eighth
transistor 1s coupled with the drain of the fourth transistor,
the drain of the sixth transistor, the gate of the third transistor
and the second output terminal.

In some embodiments, the source of the seventh transistor

and the source of the eighth transistor are coupled with each
other.

In some embodiments, the first control sub-unit includes
a seventh transistor which 1s a PMOS transistor; and a source
of the seventh transistor 1s coupled with the power supply,
a gate of the seventh transistor 1s coupled with the first input
terminal, a drain of the seventh transistor 1s coupled with the
source of the first transistor.

In some embodiments, the first control sub-unit further
includes an eighth transistor which 1s a PMOS transistor;
and a source of the eighth transistor 1s coupled with the
power supply, a gate of the eighth transistor 1s coupled with
the second 1nput terminal, a drain of the eighth transistor 1s
coupled with the source of the second transistor.

In some embodiments, the second control sub-unit
includes a ninth transistor which 1s an NMOS transistor; and
a drain of the ninth transistor 1s coupled with the drain of the
second transistor, a gate of the minth transistor 1s coupled
with the first input terminal, a source of the ninth transistor
1s coupled with the drain of the fourth transistor, the drain of
the sixth transistor, the gate of the third transistor and the
second output terminal.

In some embodiments, the second control sub-unit further
includes a tenth transistor which 1s an NMOS transistor; and
a drain of the tenth transistor 1s coupled with the drain of the
first transistor, a gate of the tenth transistor 1s coupled with
the second mput terminal, a source of the tenth transistor 1s
coupled with the drain of the third transistor, the drain of the
fifth transistor, the gate of the fourth transistor and the first
output terminal.

In some embodiments, the drain of the ninth transistor and
the source of the tenth transistor are coupled with each other.

In some embodiments, the second control sub-unit
includes a ninth transistor which 1s an NMOS transistor; and
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a drain of the ninth transistor 1s coupled with the power
supply, a gate of the ninth transistor 1s coupled with the first
input terminal, a source of the ninth transistor 1s coupled
with the source of the second transistor.

In some embodiments, the second control sub-unit further
includes a tenth transistor which 1s an NMOS transistor; and
a drain of the tenth transistor i1s coupled with the power
supply, a gate of the tenth transistor 1s coupled with the
second input terminal, a source of the tenth transistor 1s
coupled with the source of the first transistor.

In some embodiments, the third control sub-unit includes
an eleventh transistor which 1s a PMOS transistor; and a
source of the eleventh transistor 1s coupled with the drain of
the first transistor, a gate of the eleventh transistor 1s coupled
with the first input terminal, a drain of the eleventh transistor
1s coupled with the drain of the third transistor, the drain of
the fifth transistor, the gate of the fourth transistor and the
first output terminal.

In some embodiments, the third control sub-unit further
includes a twelfth transistor which 1s a PMOS transistor; and
a source of the twelfth transistor 1s coupled with the drain of
the second transistor, a gate of the twelfth transistor i1s
coupled with the second 1input terminal, a drain of the twelith
transistor 1s coupled with the drain of the fourth transistor,
the drain of the sixth transistor, the gate of the third transistor
and the second output terminal.

In some embodiments, the source of the eleventh transis-
tor and the source of the twelfth transistor are coupled with
cach other.

In some embodiments, the third control sub-unit includes
an eleventh transistor which 1s a PMOS transistor; and a
source of the eleventh transistor 1s coupled with the power
supply, a gate of the eleventh transistor 1s coupled with the
first mput terminal, a gate of the eleventh transistor is
coupled with the source of the first transistor.

In some embodiments, the third control sub-unit further
includes a twelfth transistor which 1s a PMOS transistor; and
a source of the twelfth transistor 1s coupled with the power
supply, a gate of the twelith transistor 1s coupled with the
second input terminal, a gate of the twellth transistor 1s
coupled with the source of the second transistor.

In some embodiments, the fourth control sub-unit
includes a thirteenth transistor which 1s an NMOS transistor;
and a drain of the thirteenth transistor 1s coupled with the
drain of the second ftransistor, a gate of the thirteenth
transistor 1s coupled with the first input terminal, a source of
the thirteenth transistor 1s coupled with the drain of the
tourth transistor, the drain of the sixth transistor, the gate of
the third transistor and the second output terminal.

In some embodiments, the fourth control sub-unit further
includes a fourteenth transistor which 1s an NMOS transis-
tor; and a drain of the fourteenth transistor is coupled with
the drain of the first transistor, a gate of the fourteenth
transistor 1s coupled with the second input terminal, a source
of the fourteenth transistor 1s coupled with the drain of the
third transistor, the drain of the fifth transistor, the gate of the
fourth transistor and the first output terminal.

In some embodiments, the drain of the thirteenth transis-
tor and the source of the fourteenth transistor are coupled
with each other.

In some embodiments, the fourth control sub-unit
includes a thirteenth transistor which 1s an NMOS transistor;
and a drain of the thirteenth transistor 1s coupled with the
power supply, a gate of the thirteenth transistor 1s coupled
with the first input terminal, a source of the thirteenth
transistor 1s coupled with the source of the second transistor.
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In some embodiments, the third control sub-unit further
includes a fourteenth transistor which 1s an NMOS transis-
tor; and a drain of the fourteenth transistor 1s coupled with
the power supply, a gate of the fourteenth transistor i1s
coupled with the second input terminal, a source of the
fourteenth transistor 1s coupled with the source of the first
transistor.

According to one embodiment of the present disclosure,
a frequency divider 1s provided. The frequency divider
includes at least two of the latches recited above, wherein
the at least two of the latches includes a first latch and a
second latch, the first input terminal and the second input
terminal of the first latch are respectively coupled with the
first output terminal and the second output terminal of the
second latch.

Accordingly, a feedforward control unit 1s applied to cut
ofl current circuits between the power supply and the ground
wire based on differential signals mnputted into the first input
terminal and the second input terminal of the latch.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a structure of an existing
frequency divider;

FIG. 2 schematically illustrates a structure of a latch 1n an
existing frequency divider;

FIG. 3 schematically illustrates a block diagram of a latch
according to one embodiment of the present disclosure;

FIG. 4 schematically illustrates a block diagram of a
teedforward control unit according to one embodiment of

the present disclosure; and

FIGS. 5-24 schematically 1llustrate different circuit con-
figurations of a latch according to different embodiments of
the present disclosure.

DETAILED DESCRIPTION

In order to clarify the objects, characteristics and advan-
tages of the present disclosure, embodiments of the present
disclosure will be described 1n detail in conjunction with the
accompanying drawings. The disclosure will be described
with reference to certain embodiments. Accordingly, the
present disclosure 1s not limited to the embodiments dis-
closed. It will be understood by those skilled in the art that
various changes may be made without departing from the
spirit or scope of the disclosure.

Referring to FIG. 1, an existing high speed frequency
divider 1s illustrated. The high speed frequency divider
includes a first latch 101 and a second latch 102, wherein the
first latch 101 servers as a follow-up stage of the second
latch 102, and the second latch 102 servers as a follow-up
stage of the second latch 101 as well.

When the high speed frequency divider can achieve two
divided frequencies, frequency of signals outputted from the
frequency divider 1s one half that of signals inputted into the
high speed frequency divider. Thus, the signals output from
the high speed frequency divider are orthogonal signals and
have a duty ratio of 25% or 75%.

Referring to FIG. 2, a latch of an existing high speed
frequency divider is illustrated, where the high speed fre-
quency divider has two divided frequencies and a duty ratio
of 25%. As shown, the latch 200 includes a first logic cell
201 and a second logic cell 202, wherein the first logic cell
201 and the second logic cell 202 are both connected
between a power supply VREF_1 and a ground wire

VREF_2.
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The first logic cell 201 has a first control terminal CLK1,
a first input terminal D and a first output terminal Qn, and
the second logic cell 202 has a second control terminal
CLK2, a second mput terminal Dn and a second output
terminal Q.

The first logic cell 201 includes a first transistor M1, a
third transistor M3, and a fifth transistor M5. The second

logic cell 202 includes a second transistor M2, a fourth
transistor M4, and a sixth transistor M6. The first transistor
M1 and the second transistor M2 are PMOS (P-channel
Metal Oxide Semiconductor) transistors. The third transistor
M3, the fourth transistor M4, the fifth transistor M3 and the
81xth transistor M6 are NMOS (N-channel Metal Oxide
Semiconductor) transistors.

Source of the first transistor M1 and source of the second
transistor M2 are coupled with a power supply VREF_1.
Gate of the first transistor M1 and gate of the second
transistor M2 are respectively coupled with the first control
terminal CLK1 and the second control terminal CLK2.
Drain of the first transistor M1 1s coupled with drain of the
third transistor M3, drain of the fifth transistor M5, the first
output terminal Qn, and gate of the fourth transistor M4.
Drain of the second transistor M2 1s coupled with drain of
the fourth transistor M4, drain of the sixth transistor M6, the
second output terminal Q and gate of the third transistor M3.
Sources of the third transistor M3, the fourth transistor M4,
the fifth transistor M5, and the sixth transistor Mé are
coupled with a ground wire VREF_2.

When the first control terminal CLK1 and the second
control terminal CLK2 are both 1n low level (*07), the first
transistor M1 and the second transistor M2 are both on, thus
a current path from the power supply VREF_1 to the first
output terminal Qn and the second output terminal Q 1is
formed. In this case, 1f input differential signals 1nto the first
input terminal D and the second put terminal Dn, for
example, make the first input terminal D 1n hugh level (“17)
and the second 1nput terminal Dn 1n low level (“0”), signals
inputted from the first mput terminal will be amplified and
outputted from the first output terminal, and signals inputted
into the second input terminal will be amplified and output-
ted from the second output terminal. Therefore, the first
output terminal has an electrical level approximately equal
to that of the power supply VREF_1, and the second output
terminal has an electrical level approximately equal to that
of the ground wire VREF_2.

Accordingly, when the first input terminal D 1n high level
(“1”) and the second input terminal Dn in low level (“0”)
the fifth transistor MS 1s on, the sixth transistor M6 1s ofl, the
third transistor M3 is on, and the fourth transistor M4 1s ofl.
Thus, a direct current path from the power supply VREF_1
to the first transistor M1, the third transistor M3/the fifth
transistor M5, and the VREF_Z 1s formed. Therefore, 1n this
working condition which 1s a static working condition,
current loss will be caused 1n the latch.

When the first control terminal CLK1 and the second
control terminal CLK2 are both 1n high level (*17), the first
transistor M1 and the second transistor M2 are both off, thus
the current path from the power supply VREF_1 to the first
output terminal Qn and the second output terminal QQ 1s cut
ofl. The second output terminal QQ will discharge through the
fifth transistor M5, and the first output terminal Qn will
discharge through the sixth transistor M6. Therefore, both
the second output terminal QQ and the first output termmal On
have an electrical level approximately equal to that of the
ground wire VREF_2. Accordingly, 1n this working condi-
tion which 1s a dynamic working condition, current loss of
the latch will be increased.
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Accordingly, 1n existing frequency dividers, when signals
inputted into the control terminal are i low level, the latch
will have a current circuit therein both 1n the static working
condition and in the dynamic working condition. Accord-
ingly, power consumption will be enlarged.

Referring to FIG. 3, a block diagram of a latch according
to one embodiment of the present disclosure is 1llustrated.
The latch 300 includes: a first logic cell 301 coupled
between a power supply VREF_1 and a ground wire
VREF_2; a second logic cell 302 which has a structure
symmetrlcal to that of the first logic cell 301; and a feed-
forward control unit 303.

The first logic cell 301 has a first control terminal CLK1,
a first mput terminal D and a first output terminal Qn. The
second logic cell 302 has a second control terminal CLK2,
a second 1nput terminal Dn and a second output terminal Q.

The feedforward control unit 303 1s adapted to: control
the first logic cell 301 or the second logic cell 302 based on
signals inputted into the first mput terminal D of the first
logic cell 301 and the second mput terminal Dn of the
second logic cell 302; wherein controlling the first logic cell
301 includes contro. hng a {irst current path in the first logic
cell 301 to be cut off, controlling the second loglc cell 302
includes controlling a second current path in the second
logic cell 301 to be cut off.

Referring to FIG. 4, a block diagram of a feedforward
control unit according to one embodiment of the present
disclosure 1s 1llustrated. The feediforward control unit 400
includes at least one selected from a group consisting of a
first control sub-unit 401, a second control sub-unit 402, a
third control sub-unit 403 and a fourth control sub-unit 404.

The first control sub-umt 401 1s adapted to cut off a first
current path in the first logic cell 301, when signals inputted
into the first mput terminal D and the second 1nput terminal
Dn are respectively 1n high level and low level.

The second control sub-unit 402 1s adapted to cut ofl a
second current path in the second logic cell 302, when
signals inputted into the first input terminal D and the second
input terminal Dn are respectively in high level and low
level.

The third control sub-unit 403 1s adapted to cut off the first
current path 1n the first logic cell 301, when signals inputted
into the first input terminal D and the second input terminal
Dn are respectively in low level and high level.

The fourth control sub-unit 404 1s adapted to cut ofl the
second current path in the second logic cell 302, when
signals inputted into the first input terminal D and the second
input terminal Dn are respectively i low level and high
level.

Referring to FIG. 5, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the first control
sub-unit includes a seventh transistor M7.

In comparison with the latch 200 illustrated in FIG. 2, the
latch as shown 1n FIG. § includes an additional transistor
which 1s the seventh transistor M7. Furthermore, the seventh
transistor M7 1s a PMOS transistor.

Source of the seventh transistor M7 1s coupled with the
drain of the first transistor M1. Gate of the seventh transistor
M7 1s coupled with the first imnput terminal D. Drain of the
seventh transistor M7 1s coupled with the drain of the third
transistor M3, the drain of the fifth transistor M3, the gate of
the fourth transistor M4, and the first output terminal Qn.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level
(*0”), the first transistor M1 and the second transistor M2 are
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both on. In this case, if the first input terminal D 1n high level
(“1”) and the second nput terminal Dn 1n low level (*07),
the third transistor M3 and the fifth transistor M3 will be on,
the seventh transistor M7 will be ofl, tle fourth transistor
M4 and the sixth transistor M6 will be off, thus a first current
path from the power supply VREF_1 to the first transistor
M1, the third transistor M3/the fifth transistor M5, and the
ground wire VREF_2 will be cut off, wherein the first
current path 1s 1n the first logic cell. Therefore, when the first
control terminal CLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 6, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the first control
sub-unit 1ncludes a seventh transistor M7 and an eighth
transistor M8.

In comparison with the latch illustrated in FIG. 5, the latch
as shown 1n FIG. 6 includes an additional transistor which
1s the eighth transistor MS8.

Source of the eighth transistor M8 1s coupled with the
drain of the second transistor M2. Gate of the eighth
transistor M8 1s coupled with the second input terminal Dn.
Drain of the eighth transistor M8 1s coupled with the drain
of the fourth transistor M4, the drain of the sixth transistor
M6, the gate of the third transistor M3, and the second
output terminal Q.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level
(“0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1f make the first input terminal D in
high level (1) and the second input terminal Dn 1n low
level (“0”), the third transistor M3 and the fifth transistor M3
will be on, the seventh transistor M7 will be ofl, the fourth
transistor M4 and the sixth transistor M6 will be off, the
eighth transistor M8 will be on, thus a first current path from
the power supply VREF _1 to the first transistor M1, the third
transistor M3/the fifth transistor MS, and the ground wire
VREF_2 will be cut off, wherein the first current path 1s in
the first logic cell. Therefore, when the first control terminal
CLK1 and the second control terminal CLLK2 are both 1n low
level, the static loss of the latch will be eliminated, and the
dynamic loss of the latch will be dramatically reduced.

Referring to FIG. 7, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the first control
sub-unit ncludes a seventh transistor M7 and an eighth
transistor M8.

Circuit configuration of the latch as shown 1 FIG. 7 15 a
modification of that of the latch as shown in FIG. 6.
Specifically, source of the seventh transistor M7 and source
of the eighth transistor M8 are coupled with each other.

Similarly, when the first control terminal CLK1 and the
second control terminal CLK2 are both 1n low level (*07),
the first transistor M1 and the second transistor M2 are both
on. In this case, 1f make the first input terminal D in high

level (1) and the second input terminal Dn 1n low level
(“0”), the third transistor M3 and the fif

th transistor M5 will
be on, the seventh transistor M7 will be off,

the fourth
transistor M4 and the sixth transistor M6 will be off, the
cighth transistor M8 will be on, thus a first current path from
the power supply VREF _1 to the first transistor M1, the third
transistor M3/the fifth transistor M3, and the ground wire
VREF_2 will be cut off, wherein the first current path 1s in
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the first logic cell. Therefore, when the first control terminal
CLK1 and the second control terminal CLLK2 are both 1n low
level, the static loss of the latch will be eliminated, and the
dynamic loss of the latch will be dramatically reduced.

Referring to FIG. 8, a circuit configuration of a latch
according to one embodiment of the present disclosure 1s
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the first control
sub-unit includes a seventh transistor M7. The seventh
transistor M7 1s a PMOS ftransistor.

In comparison with the latch 200 1llustrated 1n FIG. 2, the
latch as shown 1n FIG. 8 includes an additional transistor
which 1s the seventh transistor M7.

Source of the seventh transistor M7 1s coupled with the
power supply VREF_1, gate of the seventh transistor M7 1s
coupled with the first mnput terminal D, and drain of the
seventh transistor M7 1s coupled with the source of the first
transistor M1.

Similarly, when the first control terminal CLK1 and the
second control terminal CLLK2 are both 1n low level (*07),
the first transistor M1 and the second transistor M2 are both
on. In this case, 1f make the first input terminal D in high
level (*“1”) and the second input terminal Dn 1n low level
(*0”), the third transistor M3 and the fifth transistor M3 waill
be on, the seventh transistor M7 will be off, the fourth
transistor M4 and the sixth transistor M6 will be ofl, thus a
first current path from the power supply VREF_1 to the first
transistor M1, the third transistor M3/the fifth transistor M5,
and the ground wire VREF_2 will be cut off, wherein the
first current path 1s 1n the first logic cell. Therefore, when the
first control terminal CLLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 9, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the first control
sub-unit 1ncludes a seventh transistor M7 and an eighth
transistor M8. The seventh transistor M7 and the eighth
transistor M8 are both PMOS transistor.

In comparison with the latch illustrated 1n FIG. 8, the latch
as shown 1n FIG. 9 includes an additional transistor which
1s the eighth transistor MS.

Source of the eighth transistor M8 1s coupled with the
power supply VREF_1, gate of the eighth transistor M8 1s
coupled with the second 1mnput terminal Dn, and drain of the
cighth transistor M8 1s coupled with the source of the second
transistor M2.

Similarly, when the first control terminal CLK1 and the
second control terminal CLLK2 are both 1n low level (*07),
the first transistor M1 and the second transistor M2 are both
on. In this case, 1f make the first input terminal D in high

level (1) and the second input terminal Dn in low level
(*0”), the third transistor M3 and the fifth transistor MS will
be on, the seventh transistor M7 will be off, the fourth
transistor M4 and the sixth transistor Mé will be ofl, the
eighth transistor M8 will be on, thus a first current path from
the power supply VREF _1 to the first transistor M1, the third
transistor M3/the fifth transistor M35, and the ground wire
VREF_2 will be cut off, wherein the first current path i1s in

the first logic cell. Therefore, when the first control terminal
CLK1 and the second control terminal CLLK2 are both i low

level, the static loss of the latch will be eliminated, and the

dynamic loss of the latch will be dramatically reduced.
Referring to FIG. 10, a circuit configuration of a latch

according to one embodiment of the present disclosure is
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illustrated. The latch includes a first logic cell, a second logic
cell and a second control sub-unit, wherein the second
control sub-unit includes a ninth transistor M9.

In comparison with the latch 200 illustrated 1n FIG. 2, the
latch as shown in FIG. 10 includes an additional transistor 5
which 1s the ninth transistor M9. Furthermore, the ninth
transistor M9 1s a PMOS ftransistor.

Drain of the ninth transistor M9 1s coupled with the drain
of the second transistor M2. Gate of the ninth transistor M9
1s coupled with the first input terminal D. Source of the ninth 10
transistor M9 1s coupled with the drain of the fourth tran-
sistor M4, the drain of the sixth transistor M6, the gate of the
third transistor M3, and the second output terminal Q.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level 15
(““0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1f make the first input terminal D in
high level (*17) and the second input terminal Dn 1n low
level (“O”) the third transistor M3 and the fifth transistor M3
will be ofl, the fourth transistor M4 and the sixth tran51st0r 20
M6 will be on, the ninth transistor M9 will be off, thus a
second current path from the power supply VR_,F_I to the
second transistor M2, the fourth transistor Md4/the sixth
transistor M6, and the ground wire VREF_2 will be cut off,
wherein the second current path 1s 1n the second logic cell. 25
Therefore, when the first control terminal CLK1 and the
second control terminal CLLK2 are both 1n low level, the
static loss of the latch will be eliminated, and the dynamic
loss of the latch will be dramatically reduced.

Referring to FIG. 11, a circuit configuration of a latch 30
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a second control sub-unit, wherein the second
control sub-unit includes a ninth transistor M9 and a tenth
transistor M10. The ninth transistor M9 and the tenth 35
transistor M10 are both NMOS {transistor.

In comparison with the latch illustrated in FIG. 10, the
latch as shown 1 FIG. 11 includes an additional transistor
which 1s the tenth transistor M10.

Drain of the tenth transistor M10 1s coupled with the drain 40
of the first transistor M1. Gate of the tenth transistor M10 1s
coupled with the second mput terminal Dn. Source of the
tenth transistor M10 1s coupled with the drain of the third
transistor M3, the drain of the fifth transistor M5, the gate of
the fourth transistor M4, and the first output terminal Qn. 45

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both i low level
(“0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1f make the first input terminal D in
high level (*1”) and the second input terminal Dn 1n low 50
level (“0”), the third transistor M3 and the fifth transistor M3
will be off, the tenth transistor M10 will be on, the fourth
transistor M4 and the sixth transistor M6 will be on, the
ninth transistor M9 will be off, thus a current path from the
power supply VREF_ 1 to the second transistor M2, the 55
fourth transistor Md/the sixth transistor M6, and the ground
wire VREF_2 will be cut oil, wherein the current path 1s in
the second logic cell. Therefore, when the first control
terminal CLLK1 and the second control terminal CLK2 are
both 1n low level, the static loss of the latch will be 60
climinated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 12, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic 65
cell and a second control sub-unit, wherein the second
control sub-unit includes a ninth transistor M9 and a tenth

10

transistor M10. The ninth transistor M9 and the tenth
transistor M10 are both NMOS transistor.

The latch as shown 1 FIG. 12 1s a modification of the
latch as shown 1n FIG. 11. Specifically, the drain of the ninth
transistor M9 and the drain of the tenth transistor M10 are
coupled with each other.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(*0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 11 make the first input terminal D in
high level (*17) and the second input terminal Dn 1n low

level (*07"), the third transistor M3 and the fifth transistor M3
will be off, the tenth transistor M10 will be on, the fourth
transistor M4 and the sixth tran51st0r M6 will be on, the
ninth transistor M9 will be ofl, thus a second current path
from the power supply VREF_I to the second transistor M2,
the fourth transistor M4/the sixth transistor M6, and the
ground wire VREF_2 will be cut off, wherein the second
current path 1s 1n the second logic cell. Therefore, when the
first control terminal CLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 13, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the second control
sub-unit includes a ninth transistor M9. The minth transistor

M9 1s an NMOS transistor.

In comparison with the latch illustrated 1n FIG. 2, the latch
as shown 1n FIG. 13 includes an additional transistor which
1s the ninth transistor M9.

Drain of the ninth transistor M9 1s coupled with the power
supply VREF_1, gate of the ninth transistor M9 1s coupled
with the first mput terminal D, and source of the ninth

transistor M9 1s coupled with the source of the second
transistor M2.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(*0™), the first transistor M1 and the second transistor M2 are

both on. In this case, if make the first input terminal D 1n
high level (“1”) and the second input terminal Dn in low
level (“O”) the third transistor M3 and the fifth transistor M3
will be ofl, the fourth transistor M4 and the sixth transmtor
Mé6 will be on, the ninth transistor M9 will be off, thus a
second current path from the power supply VREF_I to the
second transistor M2, the fourth transistor Md4/the sixth
transistor M6, and the ground wire VREF_2 will be cut off,
wherein the second current path 1s 1n the second logic cell.
Therefore, when the first control terminal CLLK1 and the
second control terminal CLLK2 are both 1n low level, the
static loss of the latch will be eliminated, and the dynamic
loss of the latch will be dramatically reduced.

Retferring to FIG. 14, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a first control sub-unit, wherein the second control
sub-unit includes a ninth transistor M9 and a tenth transistor
M10. The ninth transistor M9 and the tenth transistor M10
are both NMOS transistor.

In comparison with the latch illustrated in FIG. 13, the
latch as shown in FIG. 14 includes an additional transistor
which 1s the tenth transistor M9.

Drain of the tenth transistor M10 1s coupled with the
power supply VREF_1, gate of the tenth transistor M10 1s
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coupled with the second input terminal Dn, and source of the
tenth transistor M10 1s coupled with the source of the first
transistor M1.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level
(“0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1f make the first input terminal D in
high level (*1”) and the second input terminal Dn in low

level (““0”), the third transistor M3 and the fifth transistor M3
will be off, the tenth transistor will be on, the fourth
transistor M4 and the sixth transistor M6 will be on, the
ninth transistor M9 will be ofl, thus a second current path
from the power supply VREF_1 to the second transistor M2,
the fourth transistor Md/the sixth transistor M6, and the
ground wire VREF_2 will be cut ofl, wherein the second
current path 1s 1n the second logic cell. Therefore, when the
first control terminal CLK1 and the second control terminal
CLK2 are both in low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 15, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a third control sub-unit, wherein the third control
sub-unit includes an eleventh transistor M11. The eleventh
transistor M11 1s a PMOS transistor.

In comparison with the latch illustrated 1n FIG. 2, the latch
as shown 1n FIG. 15 includes an additional transistor which
1s the eleventh transistor M11.

Source of the eleventh transistor M11 1s coupled with the
drain of the first transistor M1. Gate of the eleventh tran-
sistor M11 1s coupled with the first mnput terminal D. Drain
of the eleventh transistor M11 1s coupled with the drain of
the third transistor M3, the drain of the fifth transistor MS5,
the gate of the fourth transistor M4, and the first output
terminal Qn.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level
(““0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1if make the first input terminal D 1n low
level (0”) and the second input terminal Dn 1n high level

(“17), the third transistor M3 and the fifth transistor MS will
be off,

the eleventh transistor M11 will be on, the fourth
transistor M4 and the sixth transistor M6 will be off,

thus a
first current path from the power supply VREF _1 to the first
transistor M1, the third transistor M3/the fifth transistor M5,
and the ground wire VREF_2 will be cut ofl, wherein the
first current path 1s 1n the first logic cell. Therefore, when the
first control terminal CLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 15, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a third control sub-unit, wherein the third control
sub-unit includes an eleventh transistor M11 and a twelith
transistor M12. The eleventh transistor M11 and the twelith
transistor M12 are both PMOS transistor.

In comparison with the latch illustrated in FIG. 15, the
latch as shown in FIG. 16 includes an additional transistor
which 1s the twellth transistor M12.

Source of the twelfth transistor M12 1s coupled with the
drain of the second transistor M2. Gate of the twellith
transistor M12 1s coupled with the second input terminal Dn.
Drain of the twelfth transistor M12 1s coupled with the drain
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of the fourth transistor M4, the drain of the sixth transistor
M6, the gate of the third transistor M3, and the second
output terminal Q.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(*0™), the first transistor M1 and the second transistor M2 are
both on. In this case, 11 make the first input terminal D 1n low

level (*0”) and the second mput terminal Dn 1n high level
(*‘17), the third transistor M3 and the fif

th transistor M5 will
be on, the eleventh transistor M11 will be off, the

fourth
transistor M4 and the sixth transistor M6 will be off, the
twellth transistor M12 will be on, thus a first current path
from the power supply VREF_1 to the first transistor M1, the
third transistor M3/the fifth transistor M3, and the ground
wire VREF_2 will be cut ofl, wherein the first current path
1s 1n the first logic cell. Therefore, when the first control
terminal CLLK1 and the second control terminal CLK2 are
both 1n low level, the static loss of the latch will be
climinated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 17, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a third control sub-unit, wherein the third control
sub-unit includes an eleventh transistor M11 and a twelfth
transistor M12. The eleventh transistor M11 and the twelith
transistor M12 are both PMOS transistor.

The latch as shown 1n FIG. 17 1s a modification of the
latch as shown 1n FIG. 16. Specifically, the source of the
cleventh transistor M11 and the source of the twelfth tran-
sistor M12 are coupled with each other.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level
(*0™), the first transistor M1 and the second transistor M2 are
both on. In this case, 11 make the first input terminal D 1n low

level (*0”) and the second mput terminal Dn 1n high level
(“1”), the third transistor M3 and the fifth transistor M3 waill
be on, the eleventh transistor M11 will be off, the

fourth
111 be off, the

transistor M4 and the sixth transistor M6 wi.
twellth transistor M12 will be on, thus a first current path
from the power supply VREF_1 to the first transistor M1, the
third transistor M3/the fifth transistor M3, and the ground
wire VREF_2 will be cut ofl, wherein the first current path
1s 1n the first logic cell. Therefore, when the first control
terminal CLLK1 and the second control terminal CLK2 are
both 1n low level, the static loss of the latch will be
climinated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 18, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a third control sub-unit, wherein the third control
sub-unit includes an eleventh transistor M11. The eleventh
transistor M11 1s a PMOS transistor.

In comparison with the latch illustrated 1n FIG. 2, the latch
as shown 1n FIG. 18 includes an additional transistor which
1s the eleventh transistor M11.

Source of the eleventh transistor M11 is coupled with the
power supply VREF_1, gate of the eleventh transistor M11
1s coupled with the first input terminal D, and drain of the
cleventh transistor M11 1s coupled with the source of the first
transistor M1.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(“0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 11 make the first input terminal D 1n low
level (*0”) and the second put terminal Dn 1n high level
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(“1”), the third transistor M3 and the fifth transistor MS will
be on, the eleventh transistor M11 will be off, the fourth
transistor M4 and the sixth transistor M6 will be off, thus a
first current path from the power supply VREF_1 to the first
transistor M1, the third transistor M3/the fifth transistor M5,
and the ground wire VREF_2 will be cut ofl, wherein the
first current path 1s 1n the first logic cell. Therefore, when the
first control terminal CLLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 19, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a third control sub-unit, wherein the third control
sub-unit includes an eleventh transistor M11 and a twelfth
transistor M12. The eleventh transistor M11 and the twelith
transistor M12 are both PMOS transistor.

In comparison with the latch illustrated in FIG. 18, the
latch as shown in FIG. 19 includes an additional transistor
which 1s the twellth transistor M12.

Source of the twelfth transistor M12 1s coupled with the
power supply VREF_1, gate of the twelfth transistor M12 1s
coupled with the second 1mnput terminal Dn, and drain of the
twellth transistor M12 1s coupled with the source of the
second transistor M2.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(““0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1f make the first input terminal D 1n low
level (*0”) and the second put terminal Dn 1n high level
(““1”), the third transistor M3 and the fifth transistor M3 waill
be on, the eleventh transistor M11 will be off, the fourth
transistor M4 and the sixth transistor M6 will be off, thus a
first current path from the power supply VREF _1 to the first
transistor M1, the third transistor M3/the fifth transistor M5,
and the ground wire VREF_2 will be cut ofl, wherein the
first current path 1s 1n the first logic cell. Therefore, when the
first control terminal CLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Referring to FIG. 20, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a fourth control sub-unit, wherein the fourth control
sub-unit 1includes an thirteenth transistor M13.

In comparison with the latch illustrated in FIG. 2, the latch
as shown 1n FIG. 20 includes an additional transistor which
1s the thirteenth transistor M13. Furthermore, the thirteenth
transistor M13 1s an NMOS transistor.

Drain of the thirteenth transistor M13 1s coupled with the
drain of the second transistor M2. Gate of the thirteenth
transistor M13 1s coupled with the first mput terminal D.
Source of the thirteenth transistor M13 1s coupled with the
drain of the fourth transistor M4, the drain of the sixth
transistor M6, the gate of the third transistor M3, and the
second output terminal Q.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both in low level
(“0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 11 make the first input terminal D 1n low
level (*0”) and the second mput terminal Dn 1n high level
(““17), the third transistor M3 and the fifth transistor M3 waill
be off, the fourth transistor M4 and the sixth transistor M6
will be on, the thirteenth transistor M13 will be off, thus a
second current path from the power supply VREF_1 to the
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second transistor M2, the fourth transistor Md4/the sixth
transistor M6, and the ground wire VREF_2 will be cut off,
wherein the second current path 1s 1n the second logic cell.
Therefore, when the first control terminal CLLK1 and the
second control terminal CLLK2 are both in low level, the
static loss of the latch will be eliminated, and the dynamic
loss of the latch will be dramatically reduced.

Referring to FIG. 21, a circuit configuration of a latch
according to one embodiment of the present disclosure 1s
illustrated. The latch includes a first logic cell, a second logic
cell and a fourth control sub-unit, wherein the fourth control
sub-unit includes an fourteenth transistor M14.

In comparison with the latch illustrated in FIG. 20, the
latch as shown i FIG. 21 includes an additional transistor
which 1s the fourteenth transistor M14. Furthermore, the
fourteenth transistor M14 1s an NMOS {transistor.

Drain of the fourteenth transistor M14 1s coupled with the
drain of the first transistor M1. Gate of the fourteenth
transistor M14 1s coupled with the second 1input terminal Dn.
Source of the fourteenth transistor M14 1s coupled with the
drain of the third transistor M3, the drain of the fifth
transistor M5, the gate of the fourth transistor M4, and the
first output terminal Qn.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(*0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1if make the first input terminal D 1n low
level (*0”) and the second input terminal Dn 1n high level
(“‘17), the third transistor M3 and the fifth transistor MS will
be off, the fourteenth transistor M14 will be on, the fourth
transistor M4 and the sixth transistor M6 will be on, the
thirteenth transistor M13 will be ofl, thus a second current
path from the power supply VREF_1 to the second transistor
M2, the fourth transistor M4/the sixth transistor M6, and the
ground wire VREF_2 will be cut off, wherein the second
current path 1s 1n the second logic cell. Therefore, when the
first control terminal CLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Retferring to FIG. 22, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a fourth control sub-unit, wherein the fourth control
sub-unit includes a thirteenth transistor M13 and a four-
teenth transistor M14.

The latch as shown 1 FIG. 22 1s a modification of the
latch as shown in FIG. 21. Specifically, the drain of the
thirteenth transistor M13 and the drain of the fourteenth
transistor M14 are coupled with each other.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(*0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1if make the first input terminal D 1n low
level (*0”) and the second input terminal Dn 1n high level
(“‘17), the third transistor M3 and the fifth transistor MS will
be ofl, the fourteenth transistor M14 will be on, the fourth
transistor M4 and the sixth transistor M6 will be on, the
thirteenth transistor M13 will be ofl, thus a second current
path from the power supply VREF_1 to the second transistor
M2, the fourth transistor M4/the sixth transistor M6, and the
ground wire VREF_2 will be cut off, wherein the second
current path 1s 1n the second logic cell. Therefore, when the
first control terminal CLK1 and the second control terminal
CLK2 are both 1n low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.
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Referring to FIG. 23, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a fourth control sub-unit, wherein the fourth control
sub-unit includes a thirteenth transistor M13.

In comparison with the latch illustrated in FIG. 2, the latch
as shown 1n FIG. 23 includes an additional transistor which
1s the thirteenth transistor M13. Furthermore, the thirteenth
transistor M13 1s an NMOS transistor.

Drain of the thirteenth transistor M13 1s coupled with the
power supply VREF_1, gate of the thirteenth transistor M13
1s coupled with the first input terminal D, and source of the
thirteenth transistor M13 1s coupled with the source of the
second transistor M2.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLLK2 are both in low level
(““0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 1f make the first input terminal D 1n low

level (0”) and the second input terminal Dn 1n high level
(“17), the third transistor M3 and the fifth transistor MS will
be off, the fourth transistor M4 and the sixth transistor M6
will be on, the thirteenth transistor M13 will be off, thus a
second current path from the power supply VREF_1 to the
second transistor M2, the fourth transistor Md4/the sixth
transistor M6, and the ground wire VREF_2 will be cut off,
wherein the second current path 1s 1n the second logic cell.
Therefore, when the first control terminal CLK1 and the
second control terminal CLLK2 are both 1n low level, the
static loss of the latch will be eliminated, and the dynamic
loss of the latch will be dramatically reduced.

Referring to FIG. 24, a circuit configuration of a latch
according to one embodiment of the present disclosure is
illustrated. The latch includes a first logic cell, a second logic
cell and a fourth control sub-unit, wherein the fourth control
sub-unit includes a fourteenth transistor M14.

In comparison with the latch illustrated in FIG. 23, the
latch as shown 1n FIG. 24 includes an additional transistor
which i1s the fourteenth transistor M14. Furthermore, the
fourteenth transistor M14 1s an NMOS transistor.

Drain of the fourteenth transistor M14 1s coupled with the
power supply VREF_1, gate of the fourteenth transistor M14
1s coupled with the second input terminal Dn, and source of
the fourteenth transistor M14 1s coupled with the source of
the first transistor M1.

Accordingly, when the first control terminal CLK1 and
the second control terminal CLK2 are both i low level
(“0”), the first transistor M1 and the second transistor M2 are
both on. In this case, 11 make the first input terminal D 1n low
level (*0”) and the second mput terminal Dn 1n high level
(““17), the third transistor M3 and the fifth transistor M3 waill
be off, the fourteenth transistor M14 will be on, the fourth
transistor M4 and the sixth transistor M6 will be on, the
thirteenth transistor M13 will be off, thus a second current
path from the power supply VREF_1 to the second transistor
M2, the fourth transistor M4/the sixth transistor M6, and the
ground wire VREF_2 will be cut ofl, wherein the second
current path 1s 1n the second logic cell. Therefore, when the
first control terminal CLLK1 and the second control terminal
CLK2 are both in low level, the static loss of the latch will
be eliminated, and the dynamic loss of the latch will be
dramatically reduced.

Accordingly, a frequency divider 1s also provided by the
present disclosure, which includes at least two of the latches
as 1llustrated above. For example, the frequency divider may
include two latches which 1s a first latch and a second latch,
wherein a first input terminal and a second input terminal of
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the first latch 1s respectively coupled with a first output
terminal and a second output terminal of the second latch.

Although the present disclosure has been disclosed above
with reference to preferred embodiments thereof, it should
be understood by those skilled 1n the art that various changes
may be made without departing from the spirit or scope of
the disclosure. Accordingly, the present disclosure 1s not
limited to the embodiments disclosed.

What 1s claimed 1s:

1. A latch, comprising:

a first logic cell coupled between a power supply and a
ground wire, which has a first control terminal, a first
input terminal and a first output terminal;

a second logic cell having a structure symmetrical to that
of the first logic cell, which has a second control
terminal, a second mput terminal and a second output
terminal; and

a feedforward control unit adapted to control the first
logic cell or the second logic cell based on signals
inputted into the first input terminal and the second
input terminal,

wherein the first control sub-unit 1s adapted to cut off a
first current circuit in the first logic cell, when the signal
inputted 1nto the first input terminal 1s 1n high level and
the signal mputted nto the second input terminal 1s 1n
low level;

wherein the second control sub-unit 1s adapted to cut off
a second current circuit 1n the second logic cell, when
the signal inputted into the first input terminal 1s 1n high
level and the signal mputted into the second input
terminal 1s 1n low level;

wherein the third control sub-unit 1s adapted to cut off the
first current circuit in the first logic cell, when the signal
inputted into the first mput terminal 1s 1 low level and
the signal mputted nto the second input terminal 1s 1n
high level; and

wherein the fourth control sub-unit 1s adapted to cut off
the second current circuit in the second logic cell, when
the signal inputted into the first input terminal 1s 1n low
level and the signal mputted into the second input
terminal 1s 1n high level.

2. The latch according to claim 1, wherein the first logic
cell comprises a first transistor, a third transistor and a fifth
transistor:;

wherein the second logic cell comprises a second tran-
sistor, a fourth transistor and a sixth transistor;

wherein a source of the first transistor 1s coupled with the
power supply, a gate of the first transistor 1s coupled
with the first control terminal, a drain of the first
transistor 1s coupled with a drain of the third transistor,
a drain of the fifth transistor, a gate of the fourth
transistor and the first output terminal;

wherein a source of the second transistor 1s coupled with
the power supply, a gate of the second transistor is
coupled with the second control terminal, a drain of the
second transistor 1s coupled with a drain of the fourth
transistor, a drain of the sixth transistor, a gate of the
third transistor and the second output terminal; and

wherein sources of the third transistor, the fourth transis-
tor, the fifth transistor and the sixth transistor are
coupled with the ground wire.

3. The latch according to claim 2, wherein the first control
sub-unit comprises a seventh transistor which 1s a PMOS
transistor; and

wherein a source of the seventh transistor 1s coupled with
the drain of the first transistor, a gate of the seventh
transistor 1s coupled with the first mput terminal, a
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drain of the seventh transistor 1s coupled with the drain

of the third transistor, the drain of the fifth transistor,

the gate of the fourth transistor and the first output
terminal.

4. The latch according to claim 3, wherein the first control

sub-unit further comprises an eighth transistor which 1s a

PMOS transistor; and

wherein a source of the eighth transistor 1s coupled with
the drain of the second transistor, a gate of the eighth
transistor 1s coupled with the second mput terminal, a
drain of the eighth transistor 1s coupled with the drain
of the fourth transistor, the drain of the sixth transistor,
the gate of the thurd transistor and the second output
terminal.

5. The latch according to claim 4, wherein the source of
the seventh transistor and the source of the eighth transistor
are coupled with each other.

6. The latch according to claim 2, wherein the first control
sub-unit comprises a seventh transistor which 1s a PMOS
transistor; and

wherein a source of the seventh transistor 1s coupled with

the power supply, a gate of the seventh transistor 1s
coupled with the first mput terminal, a drain of the
seventh transistor 1s coupled with the source of the first
transistor.

7. The latch according to claim 6, wherein the first control
sub-unit further comprises an eighth transistor which 1s a
PMOS transistor; and

wherein a source of the eighth transistor 1s coupled with

the power supply, a gate of the eighth transistor i1s
coupled with the second input terminal, a drain of the
cighth transistor i1s coupled with the source of the
second transistor.

8. The latch according to claim 2, wherein the second
control sub-unit comprises a mnth transistor which 1s an
NMOS transistor; and

wherein a drain of the ninth transistor 1s coupled with the

drain of the second transistor, a gate of the ninth
transistor 1s coupled with the first mput terminal, a
source of the ninth transistor 1s coupled with the drain
of the fourth transistor, the drain of the sixth transistor,
the gate of the third transistor and the second output
terminal.

9. The latch according to claim 8, wherein the second
control sub-unit further comprises a tenth transistor which 1s
an NMOS transistor; and

wherein a drain of the tenth transistor 1s coupled with the

drain of the first transistor, a gate of the tenth transistor
1s coupled with the second 1nput terminal, a source of
the tenth transistor 1s coupled with the drain of the third
transistor, the drain of the fifth transistor, the gate of the
fourth transistor and the first output terminal.

10. The latch according to claim 9, wherein the drain of
the ninth transistor and the source of the tenth transistor are
coupled with each other.

11. The latch according to claim 2, wherein the second
control sub-unit comprises a mnth transistor which 1s an
NMOS transistor; and

wherein a drain of the ninth transistor 1s coupled with the

power supply, a gate of the ninth transistor 1s coupled
with the first input terminal, a source of the ninth
transistor 1s coupled with the source of the second
transistor.

12. The latch according to claim 11, wherein the second
control sub-unit further comprises a tenth transistor which 1s
an NMOS transistor; and
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wherein a drain of the tenth transistor 1s coupled with the
power supply, a gate of the tenth transistor 1s coupled
with the second 1nput terminal, a source of the tenth
transistor 1s coupled with the source of the first tran-
s1stor.

13. The latch according to claim 2, wherein the third
control sub-umit comprises an eleventh transistor which 1s a
PMOS transistor; and

wherein a source of the eleventh transistor 1s coupled with

the drain of the first transistor, a gate of the eleventh
transistor 1s coupled with the first mput terminal, a
drain of the eleventh transistor 1s coupled with the drain
of the third transistor, the drain of the fifth transistor,
the gate of the fourth transistor and the first output
terminal.

14. The latch according to claim 13, wherein the third
control sub-unit further comprises a twellith transistor which
1s a PMOS transistor; and

wherein a source of the twelfth transistor 1s coupled with

the drain of the second transistor, a gate of the twelith
transistor 1s coupled with the second 1mput terminal, a
drain of the twellth transistor is coupled with the drain
of the fourth transistor, the drain of the sixth transistor,
the gate of the thurd transistor and the second output
terminal.

15. The latch according to claim 14, wherein the source of
the eleventh transistor and the source of the twellth transis-
tor are coupled with each other.

16. The latch according to claim 2, wherein the third
control sub-umit comprises an eleventh transistor which 1s a
PMOS transistor; and

wherein a source of the eleventh transistor 1s coupled with

the power supply, a gate of the eleventh transistor 1s
coupled with the first mput terminal, a drain of the
cleventh transistor 1s coupled with the source of the first
transistor.

17. The latch according to claim 16, wherein the third
control sub-unit further comprises a twellith transistor which
1s a PMOS transistor; and

wherein a source of the twelfth transistor 1s coupled with

the power supply, a gate of the twellth transistor is
coupled with the second input terminal, a drain of the
twellth transistor 1s coupled with the source of the
second transistor.

18. The latch according to claim 2, wherein the fourth
control sub-unit comprises a thirteenth transistor which 1s an
NMOS transistor; and

wherein a drain of the thirteenth transistor 1s coupled with

the drain of the second transistor, a gate of the thir-
teenth transistor 1s coupled with the first input terminal,
a source of the thirteenth transistor 1s coupled with the
drain of the fourth transistor, the drain of the sixth
transistor, the gate of the third transistor and the second
output terminal.

19. The latch according to claim 18, wherein the fourth
control sub-unit further comprises a fourteenth transistor
which 1s an NMOS transistor; and

wherein a drain of the fourteenth transistor 1s coupled

with the drain of the first transistor, a gate of the
fourteenth transistor 1s coupled with the second 1nput
terminal, a source of the fourteenth transistor 1s coupled
with the drain of the third transistor, the drain of the
fifth transistor, the gate of the fourth transistor and the
first output terminal.

20. The latch according to claim 19, wherein the drain of
the thirteenth transistor and the drain of the fourteenth
transistor are coupled with each other.
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21. The latch according to claim 2, wherein the fourth
control sub-unit comprises a thirteenth transistor which 1s an
NMOS transistor; and

wherein a drain of the thirteenth transistor 1s coupled with

the power supply, a gate of the thirteenth transistor 1s
coupled with the first input terminal, a source of the
thirteenth transistor 1s coupled with the source of the
second transistor.

22. The latch according to claim 16, wherein the third
control sub-unit further comprises a fourteenth transistor
which 1s an NMOS transistor; and

wherein a drain of the fourteenth transistor 1s coupled

with the power supply, a gate of the fourteenth tran-
sistor 1s coupled with the second input terminal, a
source of the fourteenth transistor 1s coupled with the
source of the first transistor.

23. A frequency divider, comprising at least two of the
latches according to claim 1, wherein the at least two of the
latches comprises a first latch and a second latch, the first
input terminal and the second input terminal of the first latch
are respectively coupled with the first output terminal and
the second output terminal of the second latch.
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